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ABSTRACT
This report is focused on preliminary feasibility of portable solar powered blood storing
refrigerator primarily based on calculations of energy required to maintain the temperature of the
refrigerator, electricity required throughout the day, calculating sufficiency of power supplied by
the solar panel and selection of battery for power storage. The method and the trend of feasibility
study involves the study of blood properties, separation of blood components after donation, and
their storage conditions. Then, a portable size of the refrigeration has been proposed with three
different compartments for storage of each blood components. The further methods involves
selection of insulating material for the refrigerator, calculations of the loss of the energy using
thermal conductivity of the insulating material, studying refrigeration process and the energy
required for the refrigeration and selecting the solar panel and battery for the power supply with
relevant feasibility calculations. The feasibility study led to the result that the proposed dimension
of the refrigerator is portable enough to be carried by two soldiers or in a small golfcart. The
proposed solar panel placed on the lid of the refrigerator can provide sufficient energy to maintain
the temperature of the refrigerator through out the day and night by using appropriate battery with
sufficient power storage capacity.
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INTRODUCTION
Blood is vital fluid flowing inside the human body that transports the nutrients and oxygen to
each cell from the heart and lungs while transports the metabolic wastes back from the cells.
The volume of the blood in an adult’s body is approximately 5 liters or 1.3 gallons. Blood
consists of blood cells that are suspended in the blood plasma which is mostly water. Blood is
of prominent importance in assisting the whole metabolism of body with interruption. Every
organ and cells need energy at all times and interruption to that energy transport might derail
the whole-body system and prominent organs might die. Thus, regulation of blood inside the
body is vital at all times for all lives.
The normal regulation in blood might be disturbed due to various reasons, medical conditions,
or traumas and the lost blood needs to be fulfilled by replacing equal or at least enough amount
of blood to the patient’s body. When too much blood is lost, the brain lacks oxygen, and it
cannot function to support life. A healthy human body can only lose about 40% or 0.93 gallons
of the body’s blood [23]. After this loss, the patient need immediate blood transfusion. This
report is focused mainly on blood loss due to traumatic reasons during the wars. During wars,
there is higher possibility of trauma and quick loss of blood. Thus, it is necessary to replace
the lost blood as soon as possible. Thus, the further report is about the discussion of feasibility
of solar powered blood storing refrigerator that can be used or carried by the soldiers around
the war zones and they can treat the injured soldiers by supplying enough blood. The
refrigerator is chosen to power using the solar energy since it is the best alternative source of
energy and easily available around the warzones despite their rurality or inaccessibility to other
forms of electricity.
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IDENTIFICATION OF NEED
There are various types of blood storing refrigerator available in the market around the world.
Those blood storing components are either in the form of storage rooms with very large
capacities in blood banks or of the size of refrigerators in our kitchens. However, the available
refrigerators in the market do not have the ability to store all blood components in the same
refrigerator. The three basic blood components need different storing conditions. The
temperature to store Red cells, plasma and platelets varies from each other. While the Red
Cells and Plasma can be stored without any motion, platelets need to be agitated continuously
to preserve their blood clotting properties. Thus, the refrigerators available in the market
currently are designed to store the blood components separately. Most refrigerators are
powered by the electricity while some provides the access of solar panels and use solar energy
for refrigeration. However, they are not inbuilt itself in the chassis. Thus, the market lacks the
refrigerators that can store all three blood components in the same unit. Thus, the proposed
feasibility study report dives into addressing the portability, powering the refrigerator using
solar energy and ability to store all blood components in the same unit.
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STUDY OF BLOOD AND STORAGE REQUIREMENTS
Human blood consists of different components. The major components of the human blood
are, Red Blood Cells (RBCs), White Blood Cells (WBCs), plasma and platelets. Each
components of the blood has their own functions as an individual component of human blood.
While storing the blood, blood cannot be stored as the whole blood as drawn from the healthy
human and requires certain procedures and treatment before they are stored in a refrigerator or
a freezer. To know the logistics of blood components’ storage requirements, the basic idea of
what happens to the donated blood is mandatory.

Logistics of Blood Donation to Storage Facilities
Blood donation centers, after drawing blood from the healthy individuals, the whole blood are
spun in the centrifuges. The centrifuges separate the whole blood into transfusable blood
components: red cells, plasma, and platelets [2]. Plasma is further processed into cryo
precipitates which prevents them from clotting, red cells are leuko-reduced which means,
removing the white blood cells in order to prevent the transfusion reaction in the donor’s
bloodstream. Thus, the three separated and processed blood components – Red cells, platelets,
and blood plasma - are ready for storage.

[2]

[3]

F IGURE 1: CENTRIFUGATION OF W HOLE BLOOD AND SEPARATION OF COMPONENTS
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Blood Storing Temperatures
The blood components ratio required to administer to patients depends on the reason for the
transfusion of blood to the sick individual. For all other conditions of patients like anemia,
liver failure or so on, the ratio of blood components varies from the individuals and the extent
of the sickness. The blood of the patient is tested well by the Physicians before deciding upon
the ratio of the blood to be transfused. For instance, patients suffering from anemia requires
Red Cells and patient suffering from liver failure receives the plasma transfusion.
The motive behind this proposed design of the portable blood storing solar powered
refrigerator is accessibility of blood to the injured soldiers during wars. In case of such
traumatized patients prone to excessive bleeding in the state of emergency before a thorough
medical care, stopping the bleeding and compensating the lost blood through immediate
transfusion is necessary to save lives. At such conditions of excessive bleeding, the blood
components are transfused in the ratio of 1:1:1. Thus, this report highlights the design of a
refrigerator that can store all three blood components. It is also necessary to understand the
fact that all three blood components require three different storing temperatures. Their storing
conditions, temperatures, maximum storage days provided the maximum fulfillment of storage
requirements differ significantly.
Red Cells : The Red Cells are required to be stored at the temperature between +2 °C to +6 °C
[1]. To reduce the bacterial infection and ensure the effectiveness of the blood to its maximum
storable days, the upper limit of +6 °C should be duly noted. The lower limit of +2 °C is the
limit where the red cells become hemolyzed (breakdown of red cells) if temperature drops. If
these temperatures are maintained correctly, then the Red Cells can be stored up to 42 days.
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Plasma :The temperature range for the storage of cryoprecipitate and plasma is -30 °C and can
be stored with a shelf life of 1 year [1]. The plasma can never be refrozen and froze again.
Once refrozen, the plasma should be either transfused or disposed, however, cannot be frozen
again for future purposes.
Platelets: The range of the temperature where the platelets could be stored is 20 °C to 24 °C
[1]. Platelets has the shortest shelf life of only 7 days. In addition to maintaining required
temperature, platelets are required to be agitated gently through out their storage time period
in order to protect platelets primary function of clotting blood and stopping bleeding.
Continuous and gentle agitation prevents the platelets to clot on its own.
T ABLE 1: B LOOD C OMPONENTS , AND THEIR S TORAGE TEMPERATURE RANGES AND S TORABLE DAYS

Blood

Storage Temperature

Components

Range

Red Cells

+2 °C to +6 °C

42 Days

N/A

Platelets

20 °C to 24 °C

7 Days

Continuous Agitation

-30 °C

1 Year

N/A

Plasma

Storable Days

Additional Storing
Requirement

to -40 °C

PRODUCT SCHEMATIC
The design consists of one solar powered chamber consisting of three different compartments.
The product is insulated from all six sides with a closing lid that can be opened whenever
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required and is assisted with quick response secured locking mechanism resembling a free
chest type refrigerator available in the market. The insulation also separates the chamber or the
compartments from each other preventing the heat flow from one compartment to the other.
As displayed in the figure 2, the solar panel is attached to the lid, so that the panel stays on the
upper surface facing sunlight during the day hours ensuring the maximum extraction of solar
energy. While the compartments storing red cells and plasma do not require any additional
requirements beside maintaining the required temperatures, the platelets needs to be in
continuous agitative motion. For this purpose, the agitator comes as a loose piece that can be
placed inside the respective compartment for platelets. In order to cut the bulkiness of the
product and respect its portability, battery is supposed to be placed horizontally on the bottom
of the product. Compartment “a” is designed to store platelets and enough space is designated
to place agitator, compartment “b” is for Red cells while the compartment “c” is assigned to
Plasma whose temperature is below the freezing point. Due to their respective significances,
“a” is named as agitator compartment, “b” is named as refrigeration compartment and “c” is
named as freezer compartment.

F IGURE 2: BASIC SCHEMATIC C ONCEPT OF THE REFRIGERATOR

Outer Dimension of Refrigerator : 36 inches * 22 inches * 30 inches
Dimension of Each Compartment : 12 inches * 22 inches * 30 inches
6

DESIGN CRITERIA
In compliance to the motive behind the project, the sustainable generation and use of energy
has been emphasized throughout and reduction of use of gases/liquid emitting carbon in the
atmosphere is of utmost importance. Before the material selection, drafting the design concept,
calculations, and analysis of energy usage, studying feasibility and other important aspects
performed in the course of this project, there are specific guidelines that need to be considered
and are marked significant [1].
•

The temperature difference between the compartments is higher. So, the compartments
between each other and the whole refrigerator chamber should be properly insulated
with the selection of highly insulating material. The better insulating material also
increases the hold over time. Hold over time is the duration where the preconditioned
cooled environment can be maintained after the power is disconnected.

•

Blower fans are also recommended to circulate air flow inside the chamber.

•

Plasma storage freezers require a defrost cycle to prevent the ice being frozen on its
surface and stop the fan. This defrosting cycle might increase the temperature by 5
degree Celsius.

•

To make energy efficient by allowing cold air to remain at the bottom, chest type
refrigerator is recommended.

•

For the refrigeration, compressor fluid with CFC free is recommended to avoid CFC
emission to atmosphere and promote sustainability.

•

Powered alarm system to notify about the low battery power.
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DESIGN CALCULATIONS
i. Insulating Material
Polyurethane rigid foam is CFC free. This is used in recent fridges and coolers and believed to be
a major contribution to sustainability and eco-design by reducing the energy to maintain the
refrigerator’s temperature [4]. The selection of polyurethane as the insulation material, in addition
to being excellent insulators comes with other important advantages too. It is safe, affordable due
to its low cost, light makes the product portable, adhesion to plastic and metals, robust and strong
[4]. The foam has a useful life of more than 50 years [5]. The thermal conductivity ranges from
0.022 to 0.024 W/m K [5]. For the purposes of energy loss calculations, the higher thermal
conductivity of 0.024 W/m K is considered.
T ABLE 2 :P ROPERTIES OF POLYURETHANE R IGID FOAM [5]

Properties

Value

Thermal Conductivity

0.022 to 0.024 W/m K

Life Span

50 years

Density

30 to 100 kg/m3

Tensile Stress Values

40 to 900 kPa

Shear Strength

120 to 450 kPa

For the purpose of product design, the material for insulation, which is Polyurethane rigid foam
for this propose design, will be subjected to certain stress since the floor of the refrigerator also
requires insulation. Figure 3 shows the deformation of Polyurethane rigid form over 50 years under
the long-term load of 40 kPa and ensures that the material is strong enough for our blood storing
purposes.
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F IGURE 3 :D EFORMATION OF P OLYURETHANE FOAM UNDER THE LONG - TERM LOAD OF 40 KPA [5]

The purpose of energy calculations is to study the feasibility of solar panel and its effectiveness in
providing enough energy required to maintain the temperature of the refrigerator. So, for each
parameter used, the extreme value are taken assuming that it would be feasible in all other
conditions if conditions for feasibility at the extreme circumstances is met. For the energy
feasibility calculation purpose, the highest temperature of 35 °C of Syria during the peak summer
time is considered.
Thermal conductivity is the ratio of the product of amount of heat transferred in Watts and distance
between the two heat exchanging planes to the product of area of the surface and different in
temperature between the surfaces.
𝑄𝐿

Thermal conductivity (k) = 𝐴𝛥𝑇, …….(1)
where, Q is the heat transferred in Joules/second or in Watts
L is the thickness of the insulator.
A is the Surface area in Square meters.
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𝛥𝑇 is the difference in temperature in Kelvin.
ii. Calculations assuming the extreme temperature conditions
On a hit and trial basis for the purpose of this design project, the thickness of the insulating material
is considered to be 2 inches equal to 0.0508 meters. The dimensions of each compartments are 12”
* 22” * 30” as mentioned in figure 2. For Convenience, face with this color is represented for 35
°C. Face with this color is represented for 20 °C. Face with this color is represented for 4 °C. Face
with this color is represented for -30 °C.
Equation 1 gives the calculation of energy loss due to the thermal conductivity of the insulation
material. On the other hand, this is the same amount of energy that need to be compensated by the
refrigeration system, which is powered by the solar power in the proposed design. This is the
reversed engineering calculations in order to find the solar panel that can power the whole
refrigeration system throughout the day and the power stored during the day using a
complementary battery positioned in the bottom of the product is aimed to be sufficient through
out the night.
Area of respective sides with given length and width:
12” * 22” = 0.3048 m * 0.5588 m = 0.1703224 m2
22” * 30” = 0.5588 m * 0.762 m = 0.4258056 m2
12” * 30” = 0.3048 m * 0.762 m = 0.2322576 m2
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i.

Calculations of thermal energy loss from compartment A when the outside temperature
is 35 °C and all temperatures in other compartments are maintained.

F IGURE 4: C OMPARTMENT A WITH ITS RESPECTIVE FACE TEMPERATURES

𝑄𝐴 =

𝑘𝐴Δ𝑇
𝐿

ii.

=

0.024 [{(0.2322576∗2)+(0.1703224∗2)+0.4258056}∗15+(16∗0.4258056)
0.0508

= 11.94 Watts

Calculations of thermal energy loss from compartment B when the outside temperature
is 35 °C and all temperatures in other compartments are maintained.

F IGURE 5: C OMPARTMENT B WITH ITS RESPECTIVE FACE TEMPERATURES

𝑄𝐴 =

𝑘𝐴Δ𝑇
𝐿

=

0.024 [{(0.2322576∗2)+(0.1703224∗2)}∗31+(16∗0.4258056)+(0.4258056∗34)
0.0508
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= 21.85 Watts

iii.

Calculations of thermal energy loss from compartment C when the outside temperature
is 35 °C and all temperatures in other compartments are maintained.

F IGURE 6: C OMPARTMENT C WITH ITS RESPECTIVE FACE TEMPERATURES

𝑄𝐴 =

𝑘𝐴Δ𝑇
𝐿

=

0.024 [{(0.2322576∗2)+(0.1703224∗2)}∗65+(65∗0.4258056)+(0.4258056∗34)
0.0508

= 44.64 Watts

The total heat loss from all the compartments is the superposition of the thermal loss from each
compartment.
𝑄𝑡𝑜𝑡𝑎𝑙 = 𝑄𝐴 + 𝑄𝐵 + 𝑄𝐶 = 11.94 + 21.85 + 44.64 = 78.43 Watts
As such, the further design calculations are primarily focused so that the refrigeration cycle can
provide at least 78.43 Watts of cooling power. However, anywhere near 78.43 Watts is not
sufficient because the calculations so far are just based on how much energy is required to equate
the thermal energy loss due to thermal conductivity of the insulation material. The objective of
further calculations are to design the highly efficient refrigeration cycle with the solar power so
that, the cooling energy of the refrigeration cycle exceeds 78.43 Watts significantly. The excess
power should be generated in order to get temperature of the compartments from normal room
temperature to desired temperatures for refrigeration and freezing purposes. On the other hand, the
excess power should also be enough to run the system through out the night time too.
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iii. Calculations of actual energy required by the Compressor in Refrigerator.
Refrigeration Cycle

F IGURE 7 : BASIC CONCEPT OF REFRIGERATION CYCLE [7]

Refrigeration cycle consists of the principle of exchange of heat energy during condensation of
refrigerant or evaporation of refrigerant. And, in this process, the heat is exchanged to the sink
(blood storing compartments). The four major parts of refrigeration cycles are, compressor,
condenser, metering device and evaporator. For the proposed product, the energy from the solar
panel is exploited by the compressor. The same refrigerant is circulated and in this process, the
heat is exchanged. Use of R-134a is recommended in the proposed product since it is CFC free
[6].
Properties of R-134a Refrigerant [6]:
•

Nontoxic, non-flammable and non-corrosive.

•

Boiling point : -26.1 °𝐶
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•

Ozone Depletion Level 0

•

Cylinder Color Code : Light Blue

•

Global Warming Potential (GWP) : 1200
Figure 6 suggests that the use of
R-134a is not an absolute zero
Global

warming

refrigerant.
comparison
refrigerant,
refrigerant

potential

However,
to

CFC
HFC

cuts

in
based
based

GWP

by

significant factor.
In the refrigeration cycle, the
refrigerant is liquefied and
evaporated as it flows through
tubes as a means to transfer heat
[7].When cold liquid refrigerant
flows into the evaporator coil,
the evaporator fan draws air

F IGURE 8 : COMPARISON OF GWP S

from the refrigerator and blows it to the evaporator coils [7]. When the liquid refrigerant absorbs
the heat from the blown air, it converts into the gas while lowering the temperature of the blown
air and thus cooling the refrigerator. Now, the evaporated refrigerant moves up to the compressor
where the gas is compressed and thus raising its temperature. The refrigerant is them pumped
through the condenser coils [7]. In the condenser coils, the fan blows the air around the coil cooling
14

the gas and converting it to liquid, while releasing the heat out of the refrigerator. Then the
liquefied refrigerant flows through the expansion device which converts some liquid to gas and
even the extra loss of heat makes it cooler. This flows into the evaporator and the cycle starts again
by absorbing heat from the refrigerator.
The components of the refrigerator that uses energy are, evaporator fan, condenser fan and the
compressor fan.
Coefficient of performance is used as the predictor of the energy usage in the given refrigeration
cycle. The total energy rate that is required to maintain the temperature of the refrigerator for the
proposed product design is 78.43 watts. Coefficient of performance (COP) is the ratio of the total
heat transferred to the total work required. The refrigeration cycle involves the transfer of heat
from source to sink or the work is done for the exchange of heat from the refrigerant to the inside
of the refrigerator and outside of the refrigerator. Thus, the COP of refrigerator is greater than 1.
This does not violate the principle of energy because the work is not directly converted to heat
energy. Instead, the work is done for the exchange or the transfer of thermal energy.
Coefficient of Performance varies with the variation in temperature of the cold reservoir and the
hot reservoir. The coefficient of performance increases with the decrease in the difference between
the temperatures of cold and hot reservoir. Thus, the calculations based on extreme temperature
conditions are sufficient for the purpose of proposed product.
𝑄

COP[9] = 𝑊𝐻 =
𝐻

𝑇𝐻
𝑇𝐻 −𝑇𝐶

308

= 308−243 = 4.74. ………… (2)

This value is for ideal state conditions. In reality, the COP of a refrigerator ranges from 2-4. The
value of COP is taken as 3 for the further calculations of energy that a solar panel should generate
to power the proposed portable blood storing refrigerator through out the day and night.
15

𝑄

𝐻
𝑊𝐻 = 𝐶𝑂𝑃
=

78.43 𝑊𝑎𝑡𝑡𝑠
3

= 26.14 Watts.

The further objective is to find the solar panel that fits on the top of the lid of the refrigerator and
can provide at least 26.14 Watts for the maintenance of temperature with excess power generation
required for the night time and power required for initiation of refrigeration cycle until the
temperature of respective compartments drops to desired temperature.

SELECTION OF SOLAR PANEL
Complying to the prominent objective of this project, the source of power to run the portable blood
storing refrigerator is chosen to be the best possible source of alternative energy. Considering the
availability of solar power despite the circumstances during the war, the proposed refrigerator is
chosen to power using the solar energy. Solar panel consists of numerous photovoltaic cell which
works in the principle of photovoltaic effect. Photovoltaic effect is the conversion of the light
energy into the electrical energy. When semiconductors materials are exposed to light, some of the
photons of light ray are absorbed by the semiconductor crystal and it sets the number of free
electrons in the crystal and electricity is produce by the movement of these free electrons in the
crystal. Silicon is the most widely used semiconductor in the photovoltaic cell.
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Basic understanding of working principle of
photovoltaic cell:
The silicon is the mostly used semiconductor
material in the construction of photovoltaic cell.
The atom of silicon has the four-valence electron
in the outer shell which means it requires four
more electrons to complete the outer shell. Thus,
in the solid crystal of silicon, the four-valence
electron of adjacent atoms are shared with each

F IGURE 9 : PHOTOVOLTAIC E FFECT

other forming a covalent bond. While the silicon
in its purest form is known as intrinsic
semiconductor, silicon when exposed to the impurities is known as the extrinsic semiconductor.
When impurities are added to the semiconductor they results in either p-type or n-type
semiconductor. If the dopant has more electrons than the base material, it is n-type and it is p-type
if it is deficit of electrons or it has more holes than electrons. When these two types are placed
accordingly, they facilitate the flow of electrons even higher and make the photovoltaic cell more
efficient in converting light energy into the electrical energy. These smaller components with ptype and n-type semiconductors is the basic component of the solar panel which are called
photovoltaic cell. These collections of cells form a module and, the efficient arrangement of these
modules form a single solar panel.

17

F IGURE 10 : N OMENCLATURE OF S OLAR CELL

Feasibility study and calculations of Solar power availability:
To comply to the idea of making the product portable, the best location to place the solar panel is
the lid of the product. The dimensions of the top of the product available for the placement of the
solar panel is, 36” * 22”, which is equivalent to 0.9144 m * 0.5588 m. The area of the panel would
then be 0.51096672 m2. The prime motive behind the product development is to help soldiers carry
blood during the war making them easier to carry, powering them with easily accessible alternative
source of energy which is chosen to be solar power. Thus, for the solar irradiation data, Syria is
taken as reference in this case considering many US armies are deployed in these areas yearly who
intentionally or under direction has to involve in the war activities.
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Damascus is the town of war and
casualties[15]. For the purpose of
this project, Damascus would thus
be the best reference city of Syria
since it represents the city where
most war activities are taken place
and looking at figure 9, the places
near Damascus has higher solar
irradiation. The maximum daily
total of solar irradiation is 7.2
kWh/m2 while the minimum daily
total of solar irradiation is 4.8
kWh/m2.

The

average

solar
F IGURE 11: S OLAR IRRADIATION D ATA FOR SYRIA

irradiation of all over Syria is 6.0

kWh/m2. For further calculations, the solar irradiation of Damascus is used which is equivalent to
7.0 kWh/m2.
Average solar irradiation of Damascus of Syria located at about 35°𝑁 latitude (It) = 7.0 kWh/m2.
PV panels efficiency (𝜂) = 0.215 [16]
Area of the panel (A) = 0.51096672 m2
Performance Ratio (PR) = 0.826 [17]
Daily Electricity Generation (E) = 𝜂× A × PR × It
= 0.215 * 0.51096672 * 0.826 * 7.0 = 0.63513 kWh per day = 635 Wh per day
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For the proposed refrigeration, we require 26.14 Watts of power to maintain the temperature
through out the day.
The electricity required throughout day for proposed refrigerator = 26.14 W *24 h = 627.36 Wh.
Since the electricity required by the proposed blood storing refrigerator is lesser than the electricity
that can be generated with the Solar panel placed on the surface of the lid of the refrigerator,
proposed product is feasible energy-wise.

SELECTION OF BATTERY FOR POWER STORAGE
Lithium-ion batteries are the most used battery type today and their use is even growing rapidly
year by years. It constitutes about 40% share among the battery industry since its increased use in
EVs and consumer electronics[19]. Though there is research about lithium-ion batteries is still
going on, there has been some recent technical advancements playing role in its increased
applications.
The prime topics that is being discussed nowadays in the energy storage industry today is the solidstate lithium-ion battery. Solid electrolytes is used instead of liquid/polymer electrolytes in this
type of li-ion battery [19]. This solid – state battery has very high energy density, compact cell
size between 3 and 4 microns (instead of 20 and 30 microns of conventional batteries), quick
charging ability without the formation of dendrites formation, withstand very high charging rates,
and reduce space requirements [19]. Until the 1990s, graphite-coated Copper has been used
primarily as anode in Li-ion batteries. However, the other two replacement of this anode – Lithium
Titanate (LTO) and Silicon anode- can achieve even higher power density and higher number of
charging/discharging cycles. The ability to operate on lower voltages and low energy density of
LTO anode makes them ideal for applications with less space constraint which could help us make
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the proposed refrigerator more portable while silicon anode also promises a lower cost [19]. On
the other hand, the Lithium Iron Phosphate (LFP) and Lithium Cobalt Oxide (LCO) is being
replaced by Nickel Manganese Cobalt (NMC) based cathodes – the technology already used by
Tesla in Tesla Powerwall [19]. Similarly, graphene is also being researched and has already been
used because of its hardness, flexibility, higher thermal and electrical conductivity. Samsung SDI
claims that using “Graphene Ball Technology” increased the battery capacity by around 45% with
5 times quicker charging time [19].
Benefits of Li-ion batteries over conventional batteries:
•

Higher energy density capacity, customizable for different industry using different modules
of battery packs, higher rechargeable cycles.

•

Operable in between -20°𝐶 and 60°𝐶 [18].

•

Lithium – ion batteries, unlike the other conventional lead acid batteries do not need to be
watered and reduce the maintenance cost and time.

•

The battery capacity is highly retainable in Li-ion batteries increasing its longevity as long as
eight or even more years. This adds up to the better return of the investment.

•

The Li-ion batteries comes up with the ability to fast and easy charging. This ensures that the
solar energy is drawn quicker and stored before sunset for the night use in the proposed
refrigerator product [20].

•

The Li-ion batteries does not involve the exposure to flammable fuels and battery acid,
improving the air quality and making them safer than conventional batteries [20].

•

These batteries enhances the idea of sustainable energy by providing higher capacity to store
electricity from alternative energy sources and replacing the fossil fuels use.
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F IGURE 12: U NDERSTANDING HOW THE BATTERY CAN BE CUSTOMIZED ACCORDING TO THE REQUIREMENT USING TESLA M ODEL
S BATTERY [21]

Since the schematic diagram in figure 1 shows that a flat battery needs to be placed at the bottom
of the refrigerator and Tesla has been using the flat Li-ion batteries in its Electric Vehicles, the
study of Tesla batteries provides insight in choosing the battery for the proposed refrigerator
design. Since, multiple battery cells can be converted into modules and modules can be customized
as per customer’s needs, this is the best option for this design.

F IGURE 13: TESLA BATTERY M ODULE FOR REFERENCE [22]
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The individual battery cells are most likely Panasonic NCR18650BE cells with 3200mAh capacity
and 3.6 V DC [22]. A module consists of 74 * 3.2Ah or 237 Ah capacity at the nominal voltage
of 3.6 V for a total power storage capacity of 5115-Watt hours and a module nominal voltage of
21.6 volts [22]. The total electricity requirement of the refrigerator daily is 635 Wh. Thus, the
module storage capacity exceeds the total daily electricity requirement and as such, the use of liion battery modules is feasible in the proposed design.
Specifications of Proposed Battery Module:
Number of battery cells: 74
Total Capacity : 237 Ah
Nominal Voltage : 21.6 Volts
Total power storage capacity : 5115 Wh greater than required 635 Wh.
Dimension of a module : 27” *11.5” * 3.5”
One equivalent battery module being used in Tesla Model S is sufficient for power storage to
power the proposed refrigerator throughout the day and night. The dimension of a module is lower
enough to occupy very little space on the bottom of the proposed refrigerator design making the
product portable, less bulky and providing space for other electrical components required for
refrigeration mechanisms.
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CONCLUSION
The overall feasibility study of portable and solar powered blood storing refrigerator depicts that
the solar panel mounted on the top of the proposed schematic design of the blood storing
refrigerator can provide enough energy for the refrigerator to run throughout the day and night.
The blood storing refrigerators that are available in the market currently do not store all blood
components : Red cells, Plasma, and platelets in the same whole refrigerator. As such, the
proposed design has the necessary compartments to store all components of the blood in a single
portable insulated refrigerator. The battery is placed on the bottom of the design to make the
product as portable and space constraint as possible.
Considering the thermal conductivity of the chose insulating material, the energy lost from the
refrigerator due to the temperature difference between the different compartments and the
surroundings is found to be around 78.43 Watts daily while the total solar power needs to be
harvested is 26.14 Watts which is equivalent to 627 Wh daily. On the other hand, taking Damascus
of Syria as a reference for solar irradiation, the solar electricity that can be harvested in a day was
found to be 635 Wh per day. There are solar manufacturers available in the US which supplies
customized solar manufacturers. Similarly, for the selection of battery, li-ion battery used in Tesla
Model S is studied and the required number of battery modules and dimensions is proposed.
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